Pasture practices have affected Mediterranean forest ecosystems for millennia, and they are still quite widespread in mountainous areas. Nevertheless, in the last decades, the stability of forest ecosystems has been jeopardized due to the abandonment of traditional agro-pastoral practices, so that the gradual reduction of open areas due to progressive succession processes has caused a high increase of grazing pressure by livestock and wild ungulates feeding on forest areas. This paper aims at showing a methodological approach for evaluating the effect of applying measures in order to improve the grazing value of grasslands and ecotonal patches and lower the grazing impact on native woodlands. A protected area in Sicily (Italy) is considered as a representative case study. The analysis of remotely sensed imagery and several field surveys enabled to identify and map six different land use units subject to grazing, i.e., (1) forests; (2) grasslands (pastures dominated by palatable herbs and grasses); (3) overgrazed grasslands (dominated OPEN ACCESS Sustainability 2015, 7 7233 by poisonous and/or thorny herbs and forbs, not palatable); (4) encroached pastures; (5) roadside firebreaks (dominated by palatable herbs) with no shrubs; and (6) wooded/ encroached roadside firebreaks. Several data were collected through sample plots selected within each land use unit, in order to assess their pastoral value. These data have been used to define current and optimal animal stock rates aiming at addressing pasture management planning towards a sustainable use of forestland and shrubland.
Introduction
One of the most critical features to cope with for the management of Mediterranean shrubland and forests is represented by grazing pressure [1] . In fact, grazing is often carried out without planning, often inducing an excessive disturbance on the grazed ecosystems, both concerning the number of grazing animals and the length of the stocking period.
Easy to put into practice in those territories where wooded and open areas co-occur, forest grazing is a common practice in Mediterranean environments, enabling livestock to find either alternative forage sources during summer, when herbs and grasses are not available, or to have shelter during the hottest hours of the day. Woodland exploitation for feeding animals has always been a matter of conflict between breeders and forest managers. Livestock farming still is a major activity in some rural hilly and mountain areas, especially with regards to extensive local quality productions, based on sustainable management. Any attempt to reduce the stocking rate still causes serious discontent among cattle farmers.
On the other hand, forest re-colonization processes due to the abandonment of agricultural activities in marginal areas are being experienced largely in northern Mediterranean countries. Colonization speed mostly depends upon local environmental conditions and disturbance regimes [2, 3] : distinctively, in Italy, faster processes were reported in the Alps in comparison with the central-southern Apennines where slower succession rates have been recorded [4] [5] [6] .
Nonetheless, during the last few years, both demand for high quality agricultural products and an increase in tourism have led to a significant recovery of farming activities in selected areas, thus inducing a slowdown in their recolonization by the forest. From this perspective, the spreading of multiple systems-such as silvopastoral, agro-forestry, agro-forestry-pastoral, and other forms related to local environmental, social, and historical characteristics-might again play a relevant role for the local bio-economy, even as an integrated approach to improve biodiversity conservation [7] . On the other hand, the end of transhumance practices and the seasonal short-distance movements from forests to arable lands, and vice-versa [8, 9] , caused a sensitive increase of grazing pressure on rather small surface areas and, in turn, a decrease of plant species richness [10, 11] . Livestock grazing impact may even be exacerbated by the co-occurrence of wild ungulates, such as deers and wild boars. Finally, the presence of non-fodder species, as well as the process of secondary succession on forest clearings may also reduce the extent of grassland within or near the woody areas. Actually, under Mediterranean conditions, grazing animals often exploit shrubs as a valuable source for supplementary forage and, when allowed by forest regulations, the use of both forest undergrowth and evergreen maquis is commonly practiced.
Under such a rather contradictory framework, the assessment of the forage supply within a protected area in Sicily (Italy), historically devoted to livestock grazing, was here taken into consideration in order to evaluate how local vegetation types might be modified in the case of different management interventions. Forage supply from roadsides used as firebreaks was also considered, given that, if properly managed, roadsides explotation may lower the grazing pressure on forests.
Many studies concern the interactions between grazing and forests, especially in northern Europe [12] . In the Mediterranean area, specific deepening is mainly limited to rather isolated case studies (e.g., [13] [14] [15] [16] [17] [18] ), due to the very heterogeneous environmental and socioeconomic conditions along with different local traditional practices. More recently, some studies have been carried out on silvo-pastoral systems (see for example [19] [20] [21] ).
The aim of this paper is to illustrate, as a commentary outline referred to the area of the Nature Reserve "Bosco della Ficuzza, Rocca Busambra, Bosco del Cappelliere e Gorgo del Drago", the methodological approach for estimating the current and potential stocking rate for each pasture type and the potential stocking rate issuing from the practices foreseen to improve pasture quality. Finally, the regulation of grazing pressure on wooded areas is discussed.
Material and Methods

Study Area
The research was carried out within the Nature Reserve "Bosco della Ficuzza, Rocca Busambra, Bosco del Cappelliere e Gorgo del Drago" (Figure 1 ), which hosts the most prominent woodland of Western Sicily. The 234 ha-wide study area considered here is located between 917 m and 950 m a.s.l, on soils derived from calcareous outcropping rocks. According to the classification of Rivas-Martí nez [22] , the study area is subject to thermo-Mediterranean subhumid bioclimate [23] . The whole protected area hosts a very wide spectrum of forest communities, mainly dominated by evergreen (Quercus ilex L or Q. suber L.) and deciduous (Q. pubescens s.l. and Q. cerris s.l.) thermophilous oaks, with deciduous trees such as maples (Acer spp.), manna ashes (Fraxinus ornus L.) and Turkey oaks (Q. cerris s.l.) playing a major role under cooler micro-and mesoclimatic conditions [23] . Forest degradation issues in a mosaic of shrubby communities were mainly dominated by Euphorbia spp., Fabaceae (Calicotome, Cytisus and Spartium) and thorny Rosaceae (Crataegus spp., Pyrus spp., Rosa spp., Rubus spp., etc.).
Description of Grazing Pressure in the Nature Reserve
Within the reserve five year-long grazing permissions are given by the Department for Rural and Territorial Development, whose grazing plan considers 45 different sectors, roughly based on the typology of plant cover and silvicultural issues. According to recent official data, the total surface of these sectors is 1090 ha, where 1630 adult cows are allowed to graze during seven months, i.e., between November and May. On the other side, the stocking rate is much greater than declared and that cattle feeds all year long, not only in the authorised but also in the unauthorised areas.
Data Acquisition
Six different pasture types were recognized in the study area: woodland pastures (dominated by woody forest species), overgrazed grasslands (dominated by poisonous and/or thorny herbs and forbs, not palatable), grasslands (dominated by palatable herbs and grasses), encroached pastures, roadside firebreaks (dominated by palatable herbs) with no shrubs; wooded/encroached roadside firebreaks. The six selected types of pastures are the most representative of local plant communities in the areas subject to grazing, where dedicated actions of pasture improvements are needed.
The heterogeneous patchwork of pasture types within the study area was mapped by open-source, very high-resolution remotely sensed images (ortho-corrected aerial photos in natural colors) coupled with extensive field surveys. Then, 18 100-m 2 -wide sampling plots were randomly selected, three for each pasture type. Within each plot, a phytosociological relevé [24] was carried out by surveying the species distribution within tree, shrub, and herb layers, and the recorded abundance and dominance were subsequently quantified according to Tüxen and Ellenberg [25] ; additional information on aspect, slope, and stone-rock outcrop cover was collected, too.
Data Processing
The pastoral value (PV) of each plot was assessed according to Argenti et al. [26] , so that three levels of increasing quality (poor, average, good) could be recognized. The method involves the calculation of the PV, which is a parameter that summarizes the estimated production potential of a pasture considering the quantitative and qualitative aspects [27] . A fodder value was associated with each plant species by the Specific Index (hereinafter indicated as SI), ranging from 0 to 5 as proposed by Daget and Poissonet [28] . SI integrates parameters such as (a) the plant nutritional value; (b) the forage quality (i.e., edibility, attractiveness, palatability, and digestibility); and (c) the plant tolerance-resilience to grazing. For each plant species, we adopted the SI values suggested by Roggero et al. [27] and Cavallero et al. [29] . For the species not listed by those authors, SI was assessed according to their taxonomic and phenological affinity with the listed species. The method is applied in Italy and in other countries where local SI lists are available [27, 29] . The use of SI has two main biases: (1) it may vary along with different environmental conditions, so that a given species whose SI is considered 0 under optimal conditions (e.g., alpine pastures), where animals may feed on good quality pastures and have plenty of choice, may be grazed by the same animal where resource availability is scarcer (e.g., pastures of the semi-arid Mediterranean countries); (2) they do not take into account the eventual variation of plant's nutritional value during its different phenological phases.
Once the floristic composition of each sample plot and assigned SI to each considered plant species is recorded, the PV of each pasture type is assessed. PV is a non-dimensional index, ranging from 0 to 100, describing the quality and quantity of available food within a given pastoral area [27] :
where SCPi is the Specific Contribution of Presence of the i-th species, that corresponds to the mean coverage value according to the scale of Tüxen and Ellenberg [25] ; 0.2 is a multiplier coefficient which maintains PV values between 0 and 100 [30] [31] [32] .
The vegetation type of each sampling plot, for which a given PV value is calculated, is considered as a representative of the corresponding pasture type, i.e., each pasture type can be associated to a PV that quantifies its forage potential ranked in terms of quality as proposed by Argenti et al. [26] : bad quality type = PV ≤ 15; medium quality type = 15 < PV ≤ 25; good quality type = PV > 25.
Once the PV has been estimated for a given pasture type, it is possible to assess the Potential Stocking Rate (PSR), defined as the potential amount of animals per hectare which can stay and feed in that pasture over a given period without causing the deterioration of the grazing resources. PSR is measured in livestock units (LU, sensu [33] ) per hectare per year: PSR = PV × K × VC where K = conversion coefficient, ranging between 0.007 and 0.02 LU· ha −1 · year −1 , which depends on the abiotic context and the vegetation patterns of the studied pasture (in this paper, a 0.02 value, appropriate for hilly and mountain areas, has been adopted) [34] ; VC = vulnerability coefficient, ranging between 1 (favorable sites) and 0.65 (hostile conditions), which depends on the local presence of limiting factors such as steep slopes, intense erosion, high percentage of outcropping stones-rocks, etc.
The geo-dataset available for the considered study area allowed to map local limiting factors in order to assign the appropriate VC value to each sample plot: distinctively, a 0.7 value was associated to sample plots under rugged site conditions and a 0.9 value to the others [35] . Maps provided accurate information on the extent of each pasture type and enabled to assess the PSR over the entire area where dynamic management of grazing resources has to be planned.
Results
The total number of plant species observed within each selected plot varies along with pasture types, showing an inverse proportionality with respect to their pastoral value (forests: 39; wooded/encroached roadside firebreaks: 37; overgrazed grasslands and encroached pastures: 32; roadside firebreaks with no trees: 31; grasslands : 20) . The SI of all the species covering more than 5% of the surface of at least one sample plot are reported in Table 1 . Table 1 . List and specific index (SI) of the plant species with a coverage higher than 5% on at least one sample plot. F = forests; G = grasslands; OG = overgrazed grasslands; EP = encroached pastures; RFNT = roadside firebreaks with no trees; WERF = wooded/encroached firebreaks, *: present.
Species
Pasture Type PV average of each considered pasture type is reported in Table 2 . The highest PV values were recorded for grasslands dominated by palatable herbs and grasses such as Lolium perenne and Fabaceae (mainly Trifolium spp.) ( Table 1) ; these pastures derive from abandoned cereal crop fields, which have turned into pastures during the second half of the XX century. Conversely, shrubland presents the lowest average PV, close to that of the forests.
F G OG EP RFNT WERF Specific Index
PSR values show that the only pasture type suitable for sustainably hosting cattle is grassland, while less suitable is shrubland, whose average PSR is once again similar to that of the forests.
With regards to forests, their surface extent should remain unvaried. Low PV values of forest patches suggest their limited suitability for grazing, but this fact clashes with real practice, as within the study area, the woodlands are affected by animal impact throughout all the year. Allowing rational grazing within woods (Table 3 ) may induce some advantages in some peculiar cases (e.g., depression of coppice vigor during high forest conversions). However, a strict regulation of grazing surfaces and timing is mandatory. Table 3 . Post-intervention surfaces and calculated livestock load in the study area (see Table 1 ). 
Discussion
The adoption of the PV method helps to assess the numbers of animals sustainable for the study area and represents an effective tool in order to characterize grazed areas and to address pasture activity towards a more rational exploitation of local resources. The use of SI issued from standard international lists provides a rather rapid and effective tool in order to assess the PV in natural areas, which are managed through grazing animals [37, 38] .
Only three species with SI = 0, a value typical of overgrazed pastures, have been recorded within grassland. This result underlines the potential of pasture restoration and management, even under the distinctive concern to be paid at a territorial planning level for the conservation and the valorization of traditional landscapes [39] : as a matter of fact, prescribed grazing could be a very effective tool to maintain high pastoral values and to avoid the spread of ubiquitous unpalatable species which could induce the lowering and homogenization of herbaceous cover.
As far as woods are concerned, no intervention on the undergrowth is planned. Currently, livestock pressure within local woods is intense and widespread damage is evident, severely compromising tree regeneration rates [1] . On the other hand, our results show that woods play a scarce role as pasture resources due to the poor quality of the fodder they can provide. Thus, forest ecosystems should be managed more rationally by adopting two alternative solutions: (1) a first, and more drastic one, is to forbid grazing in woodlands; (2) the second is to allow livestock to enter in forests only during the summer period, when woody species may provide the only available fodder and shade against high temperatures. However, in this second case, grazing impact should be regulated and monitored in order to comply with the maximum stocking rate calculated through phytosociological relevé s, thus avoiding a decrease of the PV of the forests.
The best way to enhance grasslands PV is to foster the improvement of overgrazed pastures by diminishing the stocking rate. No specific actions should be planned for grassland management, while a good reliable evaluation of potential stocking rate and a regular monitoring of the trend (in terms of species composition and coverage) of the plant communities within sample plots is necessary in order to eventually modulate livestock impact by shortening the grazing season.
Mechanized clearing of the shrub layer should be carried out as long as mantle species involved do not play an important ecological role (e.g., shelter for birds, ecological corridor, etc.), even if for a few years after such clearing interventions, the floristic composition and the PV of newly opened pastures will be similar to overgrazed pastures.
Under periodical mechanical mowing interventions, the pasture types "roadside firebreaks with no trees" and "wooded/encroached roadside firebreaks" may also be considered as pastures. The only advisable intervention in these areas appears to be continuing with regular mowing. Once again, the frequency of these interventions should depend on the results of regular monitoring activities in order to avoid the prevalence of few non-palatable plants typical to overgrazed grasslands. Table 3 reports the potential of livestock increase in accordance with pasture improvement. Arable crops and fallows are also included here, since they can play an important role in hosting animals both in summer and in winter.
Conclusions
The improvement interventions here envisaged will affect overgrazed pastures, as 12% of pasture surface is expected to be converted into grasslands, as well as shrubland, 66% of which is expected to be transformed into pastures. During the first few years after interventions, the latter as well as roadside firebreaks will probably share the same features of the overgrazed pastures. On a sustainable management perspective, a mixture of vegetation succession stages should be preferred. Shrubland management will not undermine the overall ecological value of the study area: it would maintain high PV values typical of open areas, thus making grazing outside the forest more convenient. Furthermore, the proposed actions may provide better conditions for some animal communities: for instance, butterflies' richness is positively correlated with habitat patchiness and rapidly decreases along with the loss of clearings, so that regular shrub cutting and roadside mowing may induce positive effects on their population dynamics [40] . Finally, the management of pastoral resources in agreement with schemes like those proposed here may prove to be of high "social value" potential because they may change the attitude of local people with respect to shrubland and woodland use. The increase of grassland area and the improvement of grassland quality may encourage a more rational use of local pastures. On a planning level, pastures, considered in the strict sense of the term, can be exploited as multifunctional plant communities aimed at traditional forage production, biodiversity and landscape conservation, and recreational-touristic functions. Moreover, the interventions like those here envisaged need human resources throughout the year, with benefits for local employment. With less (or even without) social conflicts, policies such as grazing prohibition become useless, and both wildfires and illegal grazing might decrease. Future investigations are needed on whether mechanized interventions, such as mowing, may be actually effective in avoiding the seed dispersal of the species with low or no fodder value.
